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Purpose- Blunt injuries to the internal carotid artery (ICA) at the base of the skull are 
uncommon but potentially dangerous lesions whose management remains unclear. We 
report a new surgical approach of the intrapetrosal portion of the ICA that was used in six 
patients with the help of an ear, nose, and throat surgeon. 
Methods: During a 70-month period, seven consecutive pafients (four women, three men; 
mean age, 35.7 years; range, 21 to 59 years) were admitted, six after a motor vehicle 
accident and one after a cervical manipulation. All patients had a neurologic defieit. An 
arteriographic s an revealed four unilateral ICA lesions: two false aneurysms, orte tight 
stenosis, and one dissection; two cases of bilateral ICA dissection were menfioned, and one 
case of ICA dissection was associated with a contralateral ICA thrombosis. 
Results: One patient died before surgery, and six patients underwent a tmilateral venous 
graft restoration, reaching the vertical portion of the intrapetrosal ICA in two patients and 
the horizontal portion in four. A shunt was used in one patient. Failure to recognize the 
end of the ICA lesion was responsible for one postoperative asymptomatic graft 
thrombosis (17%), but this difficulty was overcome by using intraoperative angioscopy in 
the other patients. No deaths and no new strokes were noted during postoperative and 
midterm follow-up (mean follow-up, 34 months). Five postoperative facial pareses 
occurred and were totaUy regressive within 3 to 6 months in four patients; one total 
deafness was recorded. 
Conclusion: Venous graft restoration f trattmatic ICA lesions at the base o£ the skuU can 
safely be performed with such an approach, thus producing highly satisfactory results. 
Before undergoing surgery, the patient must be aware of the risk of facial and anditive 
disorders, which are generally temporary. (J Vasc Surg 1996;24:249-57.) 
Blunt injury to the internal carotid artery (ICA) 
occurs in approximately 0.08% of blunt trauma pa- 
tients, ~ but its recognition is often delayed because of 
the common association with other severe multisys- 
tem injuries and the frequent delay in the appearance 
ofclinical signs. 1,20verall mortality rates of 0% to 40% 
and permanent neurologic deficit rates of 12.5% to 
80% are reported in large series. 3-6 Whereas nonop- 
erative treatment of asymptomatic patients is accept- 
able according to certain authors, 3 the best approach 
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to symptomatic patients who have a false aneurysm or 
a dissection invoMng one or both ICAs has not yet 
been clearly established. Various methods of surgical 
treatment have been proposed, including ligation and 
use of gradual occlusion, or extraintracranial by- 
pass. 2,4-8 Direct reconstruction requires the exposure 
of the first centimeters of the intrapetrosal carotid 
artery. 9-~2 We report six cases of direct surgical repair 
ofthis type oflesion with the help of an ear, nose, and 
throat surgeon. 
PAT IENTS AND METHODS 
Pafients 
Between November 1, 1988, and September 30, 
1994, seven consecutive patients were treated in our 
Vascular Surgery Department for a blunt injury of the 
ICA that extended to the base of  the skull. Four 
patients had a unilateral carotid artery lesion, and 
three had injury to both ICAs. A summary of the 
seven cases is given in Table I. 
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Table I. Summary of cases 
Neurologic Mechan ism Diagnostic Type of Surgical 
Patient Age/sex deficit of injury study injury treatment Outcome 
1. 21/M Right hemiparesia Hyperextension, CT scan, Doppler False aneurysm, Venous graft No deficit 
and aphasia MVA arteriography RICA 
2. 24/F Lesion ofleft ocu- Hyperextension, CT scan, Doppler Dissection, RICA Venous graft 
lomotor nerve MVA arteriography 
3. 59/M Recurrent tran- Hyperexten- CT scan, arteriog- 
sient cerebral sion/chiro- raphy 
ischemia practic 
manipulation 
4. Hyperextension, Death 
MVA 
Tight stenosis Venous graft 
Asymptomatic 
graft thrombosis 
No deficit (facial 
paresia) 
54/F Leit hemiplegia CT scan, arteriog- Thrombosis, No surgery 
raphy RICA; dissec- 
tion, LICA 
5. 21/M Homer's yn- Crushed CT scan, Doppler False aneurysm, Venous graft No defidt 
drome chest/neck, arteriography LICA (cophosis) 
MVA 
6. 50/F Right hemiplegia Hyperexten- CT scan, Doppler Thrombosis, Right Venous Right hemiplegia 
and aphasia sion, MVA arteriography LICA; dissec- graft (and (nonoperated 
üon, RICA shunt) side) 
7. 21/F Left hemiparesia Hyperexten- CT scan, Doppler Bilateral dis- Left venous No deficit 
sion, MVA arteriography section, ICA graft 
CTscan, computed tomography scan; R1CA, right internal carotid artery; LICA, left internal carotid artery; MVA, motor vehicle accident. 
Four of the patients were women and three were 
men; the mean age was 35.7 years, with a range of 21 
to 59 years. All paticnts had hyperextension injuries to 
the neck; a motor vehicle accident was responsible for 
blunt trauma in six patients, and the seventh patient 
had two episodes oftransient cerebral ischemia 3days 
after a cervical manipulation. A head injury was 
recorded in the other six patients and was associated 
with a transient loss of consciousness in two patients 
and with a coma in three. In four patients a facial 
trauma was also noted and was responsiblc for a 
maxillary fracture in two. Other common injurics 
included a bilateral pulmonary contusion in two 
patients and a liver wound, a tibioperoneal fracture, 
and a scapula fracture, each in one patient. 
All patients had a neurologic deficit at the time of 
admission. Two had right hemiparesis with aphasia. In 
one patient hemiparesis was preceded by amaurosis 
fugax and was regressive within 12 hours; a computed 
tomographic (CT) scan showed no cerebral infarc- 
tion, and an arteriographic scan revealed a tight 
stenosis of the left ICA before it entered the base of 
the skull. The hemiparesis n the second patient was 
permanent and was associated with a bilateral frontal 
lobe ischemic lesion and a left oval center hypodense 
mass on the CT scan; the arteriographic s an showed 
a left ICA thrombosis and dissection of the right ICA 
with several ectasias reaching the lcvel of the first 
cervical vertebra (Fig. 1). 
A 54-year-old woman, initially treated for bilateral 
occipital hemorrhagic ontusion was transferred to 
our hospital, where left hemiplegia occurred 14 days 
after the trauma. A CT scan showed an infarction in 
the right internal capsule area, and an arteriographic 
scan visualized a right ICA thrombosis and a dissec- 
tion of the left ICA that extended to the skull base. 
Subsequently, a progressive deterioration of con- 
sciousness and of respiratory conditions was respon- 
sible for the death of the patient on the twenty-second 
day after the trauma. 
Thrcc patients were comatosc for 4 to 5 days. 
When the lcvel of consciousness improved signifi- 
cantly, a left ptosis and mydriasis with oculomotor 
paralysis caused by a lesion of the left oculomotor 
nerve was mentioned in one case. The CT scan 
revealed a right frontal hypodensc mass, and the 
arteriogram showed aright ICA dissection that ended 
1 cm below the carotid canal. Medical treatment was 
performed. After recovery of the patient's left eye 
function 1 year later, a second arteriographic s an was 
performed, which showed a progression of the right 
ICA dissection i  the carotid canal with a dilatation of 
the distal part of the dissection. The second patient 
had a left hemiparesis after comatosc recovery, with a 
bilateral parietal hypodense mass shown on the CT 
scan. The arteriogram revealed a bilateral ICA dissec- 
tion reaching the base of the skull, with ectasia of the 
left ICA. The third patient recovered normally but 
was then readmitted 3 months later because of right 
hemiparcsis and aphasia. The CT scan showed a left 
hypodense mass in the area of the putamen and of the 
pallidus. A false aneurysm of the left ICA before it 
entcred the base of the skull appeared on the arterio- 
graphic scan. 
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Fig. 1. A, Dissection ofright ICA and occlusion ofleft ICA reaching base ofskull in 5 0-year-old 
woman after motor vchicle accident. B, Postoperative angiogram 10 days after venous graft 
restoration using a shunt. 
Fig. 2. A, Carotid angiogram of 21-year-old man reveals false aneurysm ofleft ICA at base of 
skull after motor vehicle accident. B, Postoperative angiogram 9 days after operation shows 
normal venous graft function. 
The last patient had Horner's oculopupillary syn- 
drome on the left side, with a painful left cervical 
hematoma, after being involved in a motor vehicle 
accident. The CT scan revealed a left lentiform 
nucleus ischemic lesion, and an ipsilateral ICA dissec- 
tion was visualized on the arteriographic s an with an 
important false aneurysm at the base of the skull. A 
second arteriographic scan performed 2 weeks later 
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Fig. 3. Sldn incision for intrapetrosal ICA approach. 
emphasized the development of the false aneurysm 
(Fig. 2). Before undergoing surgery, all our patients 
were informed of the risk of facial paralysis and 
cophosis. 
Operative technique 
Preauricular and postauricular incisions are made 
and then extended ownward along the anterior 
border of the sternocleidomastoid (Fig. 3). The 
carotid bifurcation is controlled in the usual way. 
After having localized the facial nerve at its emer- 
gence from the stylomastoid foramen, its intrapa- 
rotid portion is exposed. A radical mastoidectomy is 
performed with section of the posterior belly of the 
digastric muscle and of the styloid process (Fig. 4). 
Access at the base of the skull is then possible, and 
two levels of the intrapetrosal part of the ICA (the 
vertical portion in the carotid canal [Fig. 5 ] and the 
sharp bend and the horizontal portion of the in- 
trapetrosal carotid artery [Fig. 6]) can be reached 
under operative microscopy. 
Vertical portion in carotid canal. The operation 
requircs rerouting of the third portion of the facial 
nerve and brealdng up the medial and external ear. 
The cutaneous coating of the external auditory canal 
and the tympanic membranc are removed and will be 
pur back at the end of the operation. The incudosta- 
pedial joint is divided. 
Sharp bend and horizontal portion. Complete 
rerouting of the second and third intratympanal 
portion of the facial nerve is also necessary in this 
procedure. This rerouting allows the nerve to be 
movcd up and forward at the level of the zygomatic 
process root. The immediate consequence is an ipsi- 
lateral facial paresis that generally disappears within 3 
to ó months. The bend of the jugular vein is exposed 
and compressed to allow the reaming, in an atrau- 
matic way, of the protympanum, in front of the 
promontorium, below the malleus muscle, and inside 
the arterial concavity. The sharp bend and the hori- 
zontal portion of the intrapetrosal ICA is then dis- 
sected frce and a vessel loop is placed around it. 
After verification of adequate stump pressure, 
heparin is administered to the patient and cross 
clamping of the distal ICA is performed. At the 
beginning ofour experiencc, difficulty in rccognizing 
the end of the dissection by obscrving the artery from 
outside led us on one occasion to open the distal ICA 
in a portion that was still dissected. We now prcfcr to 
perform angioscopy with a 2.2-mm flexible tube 
angioscope (Baxter Edwards Division, Irvine, Calif.) 
through the common carotid artery before opening 
the distal ICA to ascertain that the distal anastomosis 
can be carried out beyond the injured part of the 
artery (Fig. 7). The ICA can be controlled in its 
intraosseous portion by means of a microbulldog 
clamp, and then repaired with a saphenous vein graft. 
For the patient who had a contralateral ICA throm- 
bosis, a shunt was used and placed through the 
saphenous vein segment. An end-to-end istal anas- 
tomosis is p erformed with 7-0 monofilament prolene. 
The vein is placed in the bed of the ICA, which has 
been resected, and the proximal anastomosis is then 
achieved between the vein graft and the beginning of 
the ICA. Intraoperative angiography is systematically 
performed to visualize the patent graft. Finally, the 
facial nerve is repositioned and the medial and exter- 
nal ear reconstructed. 
RESULTS 
Among the seven patients in the current seiles, 
orte died in the intensive care unit before surgery and 
the other six underwent surgical treatment, the results 
ofwhich are presented here. The mean delay between 
the beginning of the neurologic symptoms and the 
intervention was 19 days, ranging from 5 to 42 days, 
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Fig. 4. Surgical exposure ofposterior subparotid space and of high cervical ICA. 1, Drilling of 
mastoid tip; 2, stylomastoid foramen; 3, facial nerve; 4, accessory nerve; 5, internal jugular ein; 
6, drilling oftympanal bone; 7, glossopharyngeal nerve; 8, vagus nerve; 9, interna] carotid artery; 
10, hypoglossal nerve. 
except for one patient who underwent surgery i year 
after the onset of symptoms. 
Two patients had a restoration reaching the ver- 
tical portion of the ICA in the carotid canal. An 
intraoperative s ction of the facial nerve, immediately 
treated by a nerve graft, occurred in one case with a 
satisfactory postoperative result (grade III of 
House). 13 The other patient had no complications. 
Exposure of the sharp bend and the horizontal 
portion of the intrapetrosal ICA was necessary in the 
other four patients. Postoperative facial paresis was 
present in each case but was always totally regressive 
within 3 to 6 months. Reconstruction of the medial 
and external ear allowed maintenance of a social 
auditory level with a conduction hypoacusis less than 
or equal to 20 dB except for one patient for whpm a 
unilateral total deafness occurred. The mean length of 
the operation was 7.3 hours (range, 6 to 8.5 hours). 
During the postoperative period, no deaths and 
no new strokes were noted. Routine artetiographic 
scans performed before discharge revealed five patent 
grafts and one asymptomatic thrombosed graft 
(17%). The thrombosed graft occurred when the 
distal anastomosis of the venous graft was performed 
on a part of the distal ICA that was still dissected. 
Patients were discharged after a mean postoperative 
period of 16.4 days (range, 12 to 23 days). 
All patients were followed-up with a color duplex 
scan performed after 1, 3, 6, and 12 months, and then 
yearly. The mean follow-up period was 34 months 
(range, 8 to 72 months). No secondary complications 
arose, and every venous graft remains patent. Two 
patients have had a patent graft since 1988 and 1989, 
and an arteriographic s an was performed after 5 years 
in both patients. 
DISCUSSION 
Blunt tranmatic arotid artery dissection was first 
described as a pathologic entity by Verneuil in 1872 
in an autopsy case. ~4 Yamada et al. ~ revived interest 
in this entity with their report of a case and literature 
review of 51 cases in 1967; subsequently, Krajewski 
and Hertzer 6 found 44 additional cases, including 
their own experience of two cases in 1980. ó We 
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Fig. 5. Surgical exposure ofvertical intrapetrosal segment oflCA, l ,  Rerouting ofthird portion 
of facial nerve; 2, jugular bulb; 3, ICA forarnen with its fibrous ring; ,4, vertical intrapetrosal 
segment of ICA. 
reviewed the literature published in English and 
French since that date and identified 155 new 
cases of ICA blunt trauma, including our seven 
patients2-4,7'l°-12,15-ss; the different types oflesions, as 
weil as the respective outcomes, are fully described 
in Table II. All except six patients were symptomatic, 
which led to their diagnosis, and many authors think 
that this lesion is frequently underestimated. 1-s 
Symptoms occurred immediately or within the first 
24 hours after the trauma in 56% of the patients, 
from 24 hours to 1 weck in 11%, from 1 weck to 
1 month in 7%, from 1 month to 1 year in 15%, and 
more than 1 year in 11% (from 1 to 16 ycars). 
Vehicle accidents accounted for 69% of these 
traumas; more rarely, a sport accident (12%), a fight 
(10%), or a fall (7%) was noted. 4'7's6 Two publications 
mentioned the role of chiropractic manipulation in 
dissecting hematoma of the ICA, as was the case for 
one ofour paticnts. 3s'37 Rotary stress on the neck may 
weil have forced the artery against the transverse 
process of the second cervical vertebra nd produced 
the intimal tear. Among the four types of cranioccr- 
vical injuries proposed by Crissey and Bernstein s8 that 
may produce traumatic lesions of the carotid artery 
(type I, a direct blow to the anteromedial neck; type 
II, a blow to the side of  the head resulting in 
hyperextcnsion a d rotation of the head; type III, a 
blunt intraoral trauma; type IV, basal or skull frac- 
ture), type II is by rar the most significant mode of 
ICA injury. 
Routine angiographic scans showed an ICA 
thrombosis in 37 patients (24%). The othcr lesions 
were an ICA clissection in 62 patients (40%), a false 
aneurysm in 43 patients (28%), and a stenosis in 13 
patients (8%); an extension of  these lesions reaching 
the base of the skull was mentioned in 42 patients 
(27%). An associated lesion of the contralateral ICA 
was mentioned in 42 patients (27%). 
The treatment varied from one center to another; 
a review of  the 155 cases and their respective out- 
comes is illustratcd in Table II. The overall incidence 
ofdeath and severe stroke during hospitalization was 
29% (22% and 7%, respectively) with nonsurgical 
management and 13% (10% and 3%) with surgical 
treatment. Improvement ofmedical management and 
surgical tcchniqucs may explain the progressive de- 
crease in these nurnbers, which was 100% and 71%, 
respectively, for Yamada et al. ~ in 1967 and 65% and 
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Fig. 6. Surgical exposure ofvertical and horizontal intrapetrosal segment oflCA. I, Rerouting 
ofsecond and third portion of facial nerve; 2, Stapes in fenestra ovalis; 3, promontory (coehlea); 
4, dome ofcollapsed internal jugular vein; 5, facial nerve protected by parotid tissue; 6, horizontal 
segment ofintrapetrosal ICA; 7, Vertical segment ofintrapetrosal ICA. 
Table 11. Results of different surgical techniques and nonoperative management of different kinds of 
internal carotid artery lesions after blunt injuries in the Collected Series of 155 Patients 
Type of lesions Outcome 
False Positive Neurologic deficit Death 
n Stenosis Thrombosis Dissection aneurysm (%) (%) (%) 
Mild Severe 
Nonoperative management 87 5 20 45 17 30 (34) 32 (37) 6 (7) 19 (22) 
Surgicaltreatment 68 8 17 17 26 41 (60) 18 (27) 2 (3) 7 (10) 
Ligature 14 1 7 - -  6 4 6 1 3 
Thrombectomy 9 - -  9 - -  - -  2 4 - -  3 
Venous graft 31 3 - -  14 14 27 4 - -  - -  
Extraintracranial by-p ass 5 3 - -  2 - -  1 3 1 - -  
Other 9 1 1 1 6 7 1 - -  1 
TOTAL 155 13 37 62 43 71 (46) 50 (32) 8 (5) 26 (17) 
Other, aneurysmoraphy, thromboendarterectomy, trapping, resection-suture. 
37% for Krajcwski and Hertzer 6in 1980. It is nevcr- 
theless important to mention that nonsurgical man- 
agement leaves in place ICA dissections, and particu- 
larly false aneurysms, that might become symptom- 
atic months or years after the t rauma.  24'2s'31 The 
second point is that six of the seven deaths and one of 
the two strokes that were noted after surgical treat- 
ment were caused by a ligature or by a thrombectomy 
of  the injured ICA; on the other hand, no death and 
no severe stroke occurred after 31 cases of vcnous 
graft restoration, with 19 cases of ICA lesions reach- 
ing thc basc of the skull. From our point of view, a 
vcnous graft restoration is recommended in symp- 
tomatic pauents or asymptomatic patients with a 
recent ipsilateral infarction at the cerebral CT scan and 
with a unilatcral ICA dissection, stenosis or falsc 
JOURNAL OF VASCULAR SURGERY 
256 Al imi  et al. August 1996 
/ 
Fig. 7. Direct visualization of distal ICA by means of an 
angioscopc introduced through small incision ofcommon 
carotid artery allows determination f exact level of ICA 
that must be frecd. 
aneurysm, or with bilateral ICA lesions (contralateral 
dissection, stenosis, false aneurysm or thrombosis). 
Different surgical approaches to the intrapetrosal 
segment of the ICA have been proposed, 1°12,a9-41 
with two main and conflicting oals: to give optimal 
exposure and to avoid cranial nerve and hearing disor- 
ders. The intramastoid process äpproach described by 
Pech et al 40 allows the exposure of the high portion of 
the cervical ICA and the vertical intrapetrosal seg- 
ment, but this approach isnot adequate to clamp the 
ICA beyond its elbow, which is orten necessary in 
cases of traumatic dissecting aneurysms. The ap- 
proach of Fish et al. 41 allows treatment of higher le- 
sions at the point where the artery takes its intrapetro- 
sal ch'ainpipe turn, but the middle car must be sacri- 
ficed. The approach described here is a sort of 
compromise between the two approaches mentioned 
above, insofar that it attempts not to aggravate the 
neurologic sequelae associated to the trauma. The 
posterosuperior wall of the external ear as weil as the 
tympanic membrane and ossicles are removed, and 
the facial nerve is rerouted in accordance with the 
technique of Fish et al. To expose the vertical intrapet- 
rosal segment of the ICA, the third portion of the 
facial nerve must be rerouted. I fthe whole intrapetro- 
sal ICA is to be exposed, the second and third portion 
of the facial nerve need to be rerouted. In this last case 
the anditive risk is higher, and one of our patients in 
whom this exposure was used had total deafness after 
surgery. The exact implantation level of the distal 
anastomosis is difficult o determine on the preopera- 
tive angiogram and on the external observätion of the 
artery. On the other hand, when the distal ICA is 
clamped and open, a progression of the ICA dissec- 
tion from the vertical portion to the horizontal por- 
tion dangerously increased clamping time. In one 
case, we performed the distal anastomosis on a part of 
the ICA that was still dissected, and then an asyrnp- 
tomatic graft hrombosis occurred uring the postop- 
erätive period. As it can be performed in other arterial 
traumatic locations, direct visualization of the distal 
ICA by means of an angioscope introduced through a
small incision of the common carotid artery was 
simple and allowed us to determine the exact level of 
the ICA that had to be freed. 42,43 
CONCLUSION 
Venous graft restoration oftraumatic ICA lesions 
can safely be pcrformed with such an approach and 
produce highly satisfactory esults because of the use 
ofintraoperative angioscopy. The main difficulty is the 
risk ofauditive and facial disorders--these are gener- 
ally temporary, but must be cxplained to the patient 
before the operation. We would suggest his tech- 
nique in cases of unilateral or bilateral dissection, 
stenosis, or false aneurysm of the ICA responsible for 
ischemic ncurologic lesions. 
We acknowledgc the editorial assistancc of Patricia 
Braccini, Daniclle Vial, and Susan McAllister in the prepa- 
raUon ofthis manuscript. 
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